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Description 

FIELD OF THE INVENTION 

[0001] This application relates to an improved proc- 
ess for making solvated mesophase pitch. By following 
the process of the invention, solvated mesophase pitch, 
and especially thermosetting solvated pitch, may be 
produced in higher yields and with greater operability 
than can be achieved using other processes known in 
the art. 

BACKGROUND OF THE INVENTION 

[0002] Mesophase pitch is a carbonaceous material 
possessing an ordered liquid crystalline structure. It is 
believed that it is the liquid crystalline structure of mes- 
ophase pitch which lends superior physical properties 
to carbon artifacts, especially fibers, made therefrom. 
[0003] Various processes for making mesophase 
pitch are well known in the art. One such process is dis- 
closed In U.S. Patent No. 4,208,267 (Diefendorf) where- 
in solvent fractionation is used to obtain a mesophase 
former fraction with a quinoline insolubles (Ql) content 
of less than 25%. The Diefendorf patent teaches treating 
an isotropic pitch with a solvent to provide a solvent in- 
soluble fraction having a sintering point below 350°C 
and separating the solvent insoluble fraction from the 
solvent solution. The solvent Insoluble fraction is then 
heated to a temperature of from 230 - 400°C in order to 
convert the insoluble fraction to a deformable pitch con- 
taining greater than 75% mesophase. 
[0004] U.S. Patent 4,277,324 (Greenwood) teaches 
that Ql and high softening temperature components are 
undesirable in a pitch intended for spinning and can be 
removed from a pitch by a solvent extraction process. 
In the Greenwood process a flux liquid (solvent) is add- 
ed to the pitch to make the pitch fluid and suspend any 
insoluble pitch particles in the solution. The suspended 
particles are removed from the solution and the solution 
is treated with a second liquid (antisolvent) to cause a 
substantial portion of the fluid pitch to precipitate. The 
precipitated pitch is then removed from the fluid and 
used to make carbon artifacts. 

[0005] U.S. Patent 4,184,942 (Angier) teaches heat 
soaking of a low Ql isotropic pitch to increase the 
amount of neomesophase former fraction in the pitch. 
After heat soaking, the neomesophase former fraction 
is isolated by solvent extraction. 
[0006] U.S. Patent Application 07/762,711 (Romine) 
discloses a solvated mesophase pitch with improved 
handling characteristics. Because the solvated mes- 
ophase pitch melts at a temperature at least 40°C lower 
than the same pitch In non-solvated form, the solvated 
pitch may be successfully processed and spun at a low- 
er temperature. Also, spinnable solvated pitches can be 
prepared from heavy aromatic pitches that are other- 
wise unsuitable, or that melt above 350°C where car- 



bonizing occurs making these pitches unsuitable for 
spinning. Thus solvated mesophase effectively increas- 
es the range of heavy aromatics yielding a useable 
pitch. Because of this new utility of heavy pitch fractions, 

5 it is desirable to obtain such heavy fractions by an op- 
erable process having good yields. 
[0007] Typical heat soaking techniques (Le., increas- 
ing the severity of the heat soak conditions) were tested 
in an attempt to increase the yield of heavy mesophase- 

10 forming aromatic pitch but have some severe draw- 
backs. Although increasing the severity of the heat soak 
will usually increase the yield of heavy mesophase- 
forming aromatic pitch, the process will typically pro- 
duce a two-phase product comprising an isotropic 

15 phase pitch and a mesophase pitch. Two phase pitch 
products are notoriously difficult to process, especially 
when a continuous processing system is employed 
where transfer of the two phase mixture is required. Typ- 
ically, the two phases have disparate physical proper- 

20 ties, e^ molecular weight, viscosity, density, and melt- 
ing point. During the heat soak process the mesophase 
portion tends to become very viscous, and eventually 
carbonizes inside the processing equipment, ultimately 
reaching a solid coke state. The viscous mesophase 

25 and/or solid coke will foul furnaces, transfer lines, asso- 
ciated vessels, and equipment. Even if the process is 
not taken this far, slight carbonization of the pitch is likely 
to introduce unmeltable contaminants in the mesophase 
pitch product. On the other hand, if heat soaking condi- 

30 tions are kept mild to avoid forming a two phase mes- 
ophase containing heat soaked pitch, the potential yield 
of heavy solvated mesogens is undesirably low. The 
present invention seeks to avoid the processing prob- 
lems as outlined above and in addition, improve the yield 

35 of the desired mesophase pitch product. 

SUMMARY OF THE INVENTION 

[0008] The present invention comprises a highly op- 
40 erable process for obtaining heavy solvated pitches in 
high yields. In its most basic form, the invention com- 
prises heat soaking a heavy aromatic pitch fraction in 
the presence of a solvating solvent and recovering the 
larger heavy aromatics produced by this heat soaking. 
45 The heat soaking step and the recovering step may be 
carried out as consecutive steps. Alternatively, the steps 
of heat soaking the heavy aromatic fraction and recov- 
ering the larger heavy aromatics may be carried out si- 
multaneously. 

50 [0009] A particularly useful aspect of the present in- 
vention resides in preparing thermosetting solvated 
mesophase pitches. The thermosetting solvated mes- 
ophase pitches are meltable and flowable when solvat- 
ed, but yield thermosetting heavy hydrocarbon residue 

55 when the solvating solvent is absent from the pitch. Up- 
on heating thermosetting solvated mesophase pitches 
convert to an infusible carbonaceous material without 
first appreciably melting. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0010] The present invention comprises a highly op- 
erable process for obtaining heavy solvated mesophase 
pitches from heavy pitches In high yields. The invention 
involves the steps of: 

heat soaking a heavy aromatic pitch fraction in the 
presence of a solvating solvent under conditions 
suitable for forming larger heavy aromatic mole- 
cules; and 

recovering the larger heavy aromatic solvated pitch 
molecules produced in heat soaking. 

[0011] The heavy aromatic pitch fraction which is 
used as a feedstock of the invention is a mixture of 
graphitlzable aromatic hydrocarbons comprising mes- 
ophase pitch or mesophase containing pitches with little 
or no ash contamination. In the dry (non-solvated) state 
the heavy aromatic pitch fraction will soffen in iJie ranc;9 
of 150 - 400°C. Preferably, the pitch fraction will melt 
below 400°C. Some types of mesophase pitches and 
mesophase containing pitches may not make suitable 
feedstocks for use in this invention. Unsuitable feed- 
stocks include certain thermal and thermal sparge mes- 
ophases, wherein a portion of these materials remains 
a non-meltable solid when the pitch is combined with a 
solvating solvent. 

[0012] The heavy aromatic pitch fraction can be pur- 
chased commercially. For example, a heavy aromatic 
pitch feed suitable for use in this invention is commer- 
cially available from Mitsubishi Gas Chemical Company, 
Inc. (Tokyo, Japan) and is sold as ARA 240 synthetic 
mesophase pitch. As will be seen later in this document, 
the heavy aromatic pitch fraction may also be obtained 
from a heat soaked aromatic feedstock. 
[001 3] Heat soaking of the heavy aromatic pitch frac- 
tion in the process of the invention is conducted in the 
presence of a solvating solvent and under conditions 
suitable for promoting the increase in the number of de- 
sired large aromatic molecules in the pitch. These con- 
ditions are: subjecting the heavy aromatic pitch fraction 
to temperatures in the range of from 360 - 520°C and a 
pressure sufficient to maintain the solvating solvent in a 
liquid state at the selected temperature; the pressures 
are In the range of 1 01 ,353 - 6,894.760 Pa (1 4.7 - 1 000 
psia) for a period of time of from 5 minutes to 24 hours. 
The preferable temperature for the heat soak of the 
heavy fraction is in the range of 380 - 460°C. 
[001 4] It is critical to the invention that the step of heat 
soaking the heavy aromatic pitch fraction be conducted 
in the presence of a solvating solvent. Generally this re- 
quires conducting the heat soak step in a closed con- 
tainer or other suitable system which keeps the solvat- 
ing solvent in intimate contact with the pitch being heat 
soaked. A closed container will also allow the pressure 
to build to the desired range in order to carry out the 
process of the invention. 



[001 5] The solvating solvent used in the heat soaking 
step is a solvent which, when combined with the heavy 
pitch fraction, dissolves in the heavy pitch fraction to an 
extent sufficient to form a solvated pitch. The solvated 
5 pitch formed by combination with the solvating solvent 
melts or flows at a temperature at least 40°C lower than 
the melting temperature of the non-solvated form of the 
same pitch fraction. 

[0016] Suitable solvating solvents of the present in- 
10 vention comprise one or more solvents selected from 
the group consisting of organic solvents having a struc- 
ture comprising 1 - 4 aromatic rings wherein such struc- 
ture may optionally include 1 , 2 or 3 hydroaromatic rings. 
The structure of the solvent may optionally be substitut- 
es ed with one or more substituents selected from the 
group consisting of C^ - C4 alkyi groups (i.e. , methyl, 
ethyl, propyl and butyl groups). The preferred solvents 
have an average solubility parameter (5) in the range of 
7.0-11.5. 

^0 [001 71 Specific solvating solvents which may be used 
In this invention comprise one or more solvents selected 
from the group consisting of benzene, xylene, anthra- 
cene, phenanthrene, chrysene, pyrene. tetralin, and 
naphthalene. Naturally occurring aromatic distillates 

25 comprising solvating solvents having structures as de- 
scribed in the preceding paragraph may also be used 
as the solvating solvent of the invention. Such distillates 
may be obtained from petroleum aromatics, coal tars, 
and ethylene tars. 

30 [001 8] During the heat soaking of the heavy aromatic 
pitch fraction the solvating solvent is present in a solvent 
to pitch ratio in the range of from 0.05 - 5.0 parts solvent 
per part of pitch. At the point of saturation of the pitch, 
up to about 40%, but typically about 20 - 25%, by weight 

35 solvating solvent can be dissolved in the heavy pitch 
fraction. At the saturation point, a solvated pitch can melt 
at a temperature which is 200°C or more lower than the 
melting point of that pitch In non-solvated form. This tow- 
ering of the melting temperature assures that the very 

40 heavy pitch fractions, including the desired thermoset- 
ting fractions, remain highly fluid and processable dur- 
ing the heat soak. 

[0019] The recovery of the larger heavy aromatics 
produced by heat soaking is typically carried out using 

45 a solvent extraction technique. The products of the heat 
soaking step are placed in intimate contact with an ex- 
traction solvent at an elevated temperature in order to 
separate the materials Into a solvated residue contain- 
ing the larger heavy aromatics, which is recovered, and 

50 the liquid extract, which Is removed. The extraction is 
usually carried out in a closed container in order to retain 
the solvent in the system and to allow the pressure with- 
in the system to reach desired levels so that the solvent 
may remain in the liquid state at the extraction temper- 

55 ature. While the exact pressure necessary to carry out 
the extraction will vary depending on the solvent or sol- 
vents used, the range of pressures adequate to carry 
out this step of the process reside in the range of from 
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101,353 - 6,894,760 Pa (14.7 - 1000 psia). Extracting 
the larger heavy aromatics produced in the solvated 
heat soak is done at solvent to pitch ratios of from 0.25 
- 5.0 parts of solvent per part of pitch. Practitioners in 
the art will appreciate that when the desired result is just 
extraction, the extraction temperature should be kept 
below the reaction temperature of the pitch. The tem- 
perature at which the extraction alone is carried out can 
range from about 200 - 400*'C. 
[0020] The conditions at which the extraction is con- 
ducted are selected in order to attain a desired hardness 
in the larger heavy aromatics in the insoluble pitch frac- 
tion. As a general rule, using solvents with a higher sol- 
ubility parameter, and high solvent/pitch ratios in the ex- 
traction process yield harder, higher melting insolubles. 
However, these conditions generally also foster lower 
yields of the harder products. 

[0021] The desired larger heavy aromatics, when 
dried of solvent, soften at 350°C or above. At these tem- 
peratures the dry larger heavy aromatics convert to coke 
at an appreciable rate. Preferably, the larger heavy ar- 
omatics soften above 450**C, or 500°C. Generally, the 
larger heavy aromatics which soften above 500°C are 
thermosetting, that is, if they soften at all they tend to 
solidify quickly thereafter as the pitch undergoes ther- 
mal reaction and becomes unmeltable. Therefore, when 
dried of solvent the larger heavy aromatics may never 
fully melt 

[0022] The heavy solvated pitch products of this in- 
vention comprise larger heavy aromatic molecules and 
solvating solvent. The larger heavy aromatic molecules 
have dry softening temperatures above 350°, preferably 
above 450°C and most preferably above 500°C. The 
heavy aromatic pitch fraction which is used as the feed 
stock for the solvated heat soaking step of the Invention 
comprises softer materials which soften generally in the 
range of 150 - 400°C. Preferably, the heavy aromatic 
pitch fraction also melts below 400°C to allow handling 
in the molten state without appreciable coking. 
[0023] The softening and melting temperature of dry 
pitch is determined by hot stage microscopy. Using this 
technique, a sample of pitch is crushed to a size of ap- 
proximately 200^1 or less and thinly distributed in an alu- 
minum pan. The sample is heated on a Leitz 1350 hot 
stage under a slight nitrogen purge with the temperature 
programmed to increase at the rate of 20°C per minute 
after a rapid initial heatup to 250^*0. The softening tem- 
perature is recorded as the temperature at which 10% 
of the pitch particles exhibit rounding of points and edg- 
es. A change in surface luster is also noticeable. The 
melting temperature is determined when the flow or 
spreading of fluid pitch is first observed around the par- 
ticles. Melting typically occurs 10 - 50°C above the sof- 
tening temperature. 

[0024] Whether or not thermosetting of the pitch is ob- 
served appears to depend on the rate of heating of the 
sample and the thermal reaction rate of the pitch. Ther- 
mosetting is observed when the rate of thermal reaction 



of the pitch exceeds the heating rate of the pitch. There- 
fore, at high heating rates observing thermosetting is 
less likely, while at low heating rates observing thermo- 
setting is more likely. It has also been noted that higher 
5 softening point pitches display thermosetting behaviour 
at faster heating rates since the thermal reaction will be 
faster in these pitches at the higher temperatures 
achieved without melting. 

[0025] The same higher boiling solvating solvents de- 

10 scribed for use in the heat soaking of the heavy pitch 
fraction are suitable for use as the extraction solvents 
In recovering the larger heavy aromatics produced by 
heat soaking. Suitable extraction solvents of the present 
invention comprise one or more solvents selected from 

15 the group consisting of organic solvents having a struc- 
ture comprising 1 - 4 aromatic rings wherein such struc- 
ture may optionally Include 1 , 2 or 3 hydroaromatic rings. 
The structure of the solvent may optionally be substitut- 
ed with one or more substituents selected from the 

20 group consisting of - C4 alkyi groups (Le., methyl, 
ethyl, propyl and butyl groups). The preferred solvents 
have a solubility parameter (5) in the range of 7.0 - 11 .5. 
[0026] Specific extraction solvents which may be 
used in this invention comprise one or more solvents 

25 selected from the group consisting of benzene, xylene, 
anthracene, phenanthrene, chrysene, pyrene, tetralin, 
and naphthalene. Naturally occurring aromatic distil- 
lates comprising extraction solvents having structures 
as described in the preceding paragraph may also be 

30 used as the extraction solvent of the invention. Such dis- 
tillates may be obtained from such sources as petroleum 
aromatics, coal tars, and ethylene tars. 
[0027] The step of heat soaking the heavy aromatic 
pitch fraction in the presence of a solvating solvent and 

35 the step of extracting the larger heavy aromatics pro- 
duced in the heat soaking of the heavy aromatics may 
optionally be combined into a single step so that heat 
soaking the pitch and extracting the heavy aromatics oc- 
cur at the same time. When the two steps are combined 

40 the solvent to pitch ratio must be maintained at sufficient 
levels to allow both the solvating and extracting steps to 
occur concurrently. A solvent to pitch ratio in the range 
of from 0.25 - 5.0 parts solvent per part pitch is required 
when the steps are combined. The temperature of the 

45 process should be maintained in the heat soak temper- 
ature range, that Is, for 360 - 520°C. with 380 - 460°C 
preferred. The pressure of the process should be main- 
tained at a pressure sufficient to maintain the solvent in 
the liquid state while at the process temperature. Gen- 

50 erally, a pressure In the range of 101,353 - 6,894,760 
Pa (14.7 - 1000 psia) will be sufficient. 
[0028] During the process of heat soaking and recov- 
ering the larger heavy aromatic molecules it is desirable 
to maintain the pitch and solvent in a reasonably homo- 

55 geneous mixture. This can be accomplished simply by 
the roiling action of the solvent and pitch mixture being 
heated, or mechanically through the use of such means 
for mixing such as stirrers, paddles, agitators, and pump 
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around loops, for example. 

[0029] The invention may also be practiced by starting 
with an aromatic feedstock and processing the feed- 
stock to obtain the desired heavy pitch fraction and treat- 
ing the heavy pitch fraction as described above. In this 
instance, the process of the invention comprises the 
steps of: 

heat soaking an aromatic feedstock to obtain an Iso- 
tropic heat soaked pitch therefrom which comprises 
a heavy pitch fraction; 

extracting and isolating a heavy pitch fraction of the 
Isotropic heat soaked pitch using a suitable solvent; 
heat soaking the heavy pitch fraction in the pres- 
ence of a solvating solvent under conditions suita- 
ble to promote the formation of larger heavy aro- 
matic molecules; and 

recovering the larger heavy aromatic molecules 
produced in heat soaking the heavy fraction. 

[0030] It will be appreciated by the practitioners of the 
art that the steps involving the heat soaking of the aro- 
matic feedstock to produce a heat soaked isotropic pitch 
and the extraction of a heavy fraction of the heat soaked 
pitch utilize techniques which are largely conventional. 
The process details of these steps are set forth below. 
[0031] The aromatic feedstock from which the heavy 
aromatic fraction is obtained is typically a mixture of ar- 
omatic hydrocarbons obtained either as a residue or dis- 
tillate of a petroleum refining process. Preferably, the 
feedstock is a distillate cut derived from a coal tar, gas 
oil, or a coker feed, such as refinery decant oils, thermal 
cracking tars, and ethylene pyrolysis tars. It will be ap- 
preciated by those skilled in the art that the ideal feed- 
stocks will be very low in ash and other particulate con- 
taminants. 

[0032] The heat soaking treatment of the aromatic 

feedstock is intended to produce an isotropic heat 
soaked pitch. This heat soak treatment is carried out at 
a temperature in the range of from 360 - 570°C for a 
period from 2 minutes to 48 hours and at pressures from 
about atmospheric up to 6,205,284 Pa (900 psia). The 
pressure applied during this heat soaking step is suffi- 
cient to ensure that substantial amounts of lower boiling 
petroleum oils in the feedstock are not volatilized In the 
heat soaking process. 

[0033] The solvent extraction and isolation of the 
heavy fraction of the heat soaked isotropic pitch are car- 
ried out by conventional means with a solvent or blend 
of solvents having a nonpolar solubility parameter (6) 
ranging from 7-10. One and two ring aromatic and hy- 
droaromatic hydrocarbons, which may be unsubstitut- 
ed, or substituted with short chain alkyi groups are suit- 
able solvents for the extraction step. Preferably, the sol- 
vents are selected from the group consisting of toluene, 
xylene, mesitylene, naphthalene, tetralin, and alkyl-sub- 
stituted benzenes of the formula: 



wherein R represents alkyI groups of - C4. which may 
be straight or branched, and substituted or unsubstitut- 

10 ed. Blends of these aromatic or hydroaromatic solvents 
with non-aromatics, such as paraffins and cycloparaf- 
fins, also make suitable solvents. For example, heptane 
and cyctohexane are suitable non-aromatic solvent 
blend components. 

15 [0034] The extraction of isotropic pitch can be carried 
out at ambient or elevated conditions of temperature 
and pressure. Preferably, elevated temperatures of 1 50 
- SSO^'C are used in conjunction with sufficient pressure 
to maintain the solvent as liquid. Solvent supercritical 

20 conditions of temperature and pressure may also be 
used for extraction of the Isotropic pitch. 
[0035] The amount of solvent used In this extraction 
step Is from about 2 - 20 parts of solvent per part of pitch. 
Preferably, 3 - 8 parts of solvent per one part of pitch 

25 are used to extract the heavy fraction. The heavy pitch 
fraction thus obtained by the process is a mixture of 
graphltizable aromatic hydrocarbons. The preferred 
heavy pitch fractions are mesophase pitches or mes- 
ophase containing pitches with little or no ash contami- 

30 nation. 

[0036] After the extracting and isolating step, an 
amount of the extraction solvent will be retained by the 
pitch. When the desired solvating solvent for the heavy 
pitch fraction is different from the solvent used in the ex- 

35 traction and isolation of the heavy pitch fraction the 
heavy pitch fraction may require slightly different 
processing. The solvent used In the extraction to obtain 
the heavy pitch fraction may be removed by such tech- 
niques as vacuum stripping, and then the desired sol- 

40 vating solvent can be added. Alternatively, when the de- 
sired solvating solvent has a higher boiling temperature, 
the container in which the pitch is being processed may 
simply be vented at an appropriate temperature to allow 
the lower boiling solvent to escape. 

45 [0037] The steps of heat soaking the aromatic feed- 
stock and extracting and isolating the heavy pitch frac- 
tion yield the feedstock for use in the solvated heat soak- 
ing step which follows. It will be appreciated that the 
steps of heat soaking the heavy pitch fraction in the 

50 presence of a solvating solvent and the recovery of the 
larger heavy aromatic molecules are the same as pre- 
viously described above. 

[0038] The invention can be practiced in batch 
amounts, or in a continuous process as shown in Figure 
55 1 . In Figure 1 , a flow diagram is presented Illustrating a 
continuous process by which an aromatic feedstock is 
converted to a solvated mesophase pitch. In Figure 1 , 
aromatic feedstock is transferred from storage to a heat 
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soaking furnace 10 and is converted into an isotropic 
heat soaked pitch and a small amount of light cracking 
products. The heat soaked isotropic pitch Is combined 
with the extraction solvent in mixer/settler 20, while the 
light cracking products are removed from the process 
stream. In the mixer/settler 20, the pitch Is separated 
Into a heavy solvated pitch fraction and a light fraction 
plus solvent, which is removed from the reaction stream. 
The heavy fraction is then subjected to a solvated heat 
soak In a furnace 30, which heat soak may optionally be 
conducted In the presence of a heavier solvent. A heavy 
heat soaked solvated pitch Is the desired product of the 
solvated heat soak step, while light cracking products 
and light solvents are removed from the process stream. 
The heavy heat soaked fraction is combined with more 
heavy solvent In a second mixer/settler 40 which sepa- 
rates the material into the desired heavy solvated pitch 
final product, and a lighter fraction which includes the 
extraction solvent which is removed from the product 
stream. 

[0039] It will be appreciated by practitioners of the art 
that when starting with a heavy pitch fraction, like a mes- 
ophase pitch, the process shown in Figure 1 can be sim- 
plified by removal of the feedstock heat soaking and first 
extraction portions of the process. Also, in another em- 
bodiment, the heat soaker 30 and the mixer/settler 40 
may be combined in a single piece of processing equip- 
ment. 

[0040] The present invention will be further illustrated 
in the Examples and Comparative Examples set forth 
below: 

EXAMPLE 1 

[0041] A sample of mid-continent refinery decant oil, 
with a nominal boiling point from 427 - 482°C, was heat 
soaked for 3 hours at 441°C at 413,686 Pa gauge (60 
psig) in a nitrogen atmosphere. The yield of the heat 
soaked pitch was calculated to be 74.2%. Upon study 
with optical microscopy, the pitch was found to be 100% 
Isotropic. 

[0042] Extraction of the isotropic pitch was then car- 
ried out with the solvent xylene in a 5:1 solvent:pltch ra- 
tio at a temperature of 240''C and a pressure of 723,950 
Pa gauge (1 05pslg). The extraction produced 1 9.0% xy- 
lene Insolubles. When solvated, the xylene insolubles 
were found to be fluid at the extraction temperature of 
240°C. A sample of the xylene Insolubles from the ex- 
traction was dried to remove the xylene solvent. Melt 
testing of the dried xylene insolubles was carried out in 
a nitrogen atmosphere by heating the insolubles at the 
rate of 20°C/minute, Melt testing revealed that the dried 
xylene insolubles began to soften around 362°C and 
melted at 38rC. 

[0043] The dried xylene insolubles were placed in a 
closed container and heat soaked in the presence of 22 
wt.% phenanthrene for 5 hours at 413°C and under ni- 
trogen at a pressure of 1068687 Pa gauge (155 psig). 



This heat soaking step produced a solvated mesophase 
pitch which was determined by optical microscopy to be 
98.3% mesophase. The solvated mesophase was cal- 
culated to contain approximately 20wt.% phenanthrene. 

5 It was observed that the phenanthrene solvated pitch 
was a viscous fluid at 267°C. Dried pitch was found to 
soften at 408°C and to melt at 470'*C. 
[0044] Extracting the phenanthrene solvated pitch 
from the second-stage heat soak with phenanthrene in 

10 a 1:1 solvent:pitch ratio (calculated on the basis of the 
pitch being dry) produced a solvated mesophase pitch 
at a yield of 45.9%. It was observed that this material 
was a viscous fluid at a temperature of 275°C. A dried 
sample of the pitch was tested and found to begin to 

15 soften at about 530°C. Maximum softening of the dried 
pitch was obsen/ed at about 549°C. At this temperature 
about 80% of the pitch sample appeared to have sof- 
tened to the consistency of viscous glass. As the tem- 
perature was further elevated at the rate of 20°C per 

20 minute, no melting or flow was observed. On continued 
heating to 600°C the pitch solidified (thermoset). 
[0045] The overall yield of thermosetting solvated 
mesophase pitch obtained from the distillate feedstock 
starting material is 6.1%. 

25 

COMPARATIVE EXAMPLE 1 

[0046] Comparative Example 1 was conducted to il- 
lustrate that the isotropic heat soaked pitch used in Ex- 

30 ample 1 does not contain significant amounts of ther- 
mosetting mesogens prior to the second solvated heat 
soak step. A portion of the same 3 hour 441°C heat 
soaked pitch as used in Example 1 was extracted for 30 
minutes at 340°C under a pressure of 841 , 1 61 Pa gauge 

35 (I22psig) using an 8:1 solvent:pitch ratio. The solvent 
used in the extraction was a mixture of tetralln and phen- 
anthrene in the ratio of 80:20, respectively. 
[0047] This extraction yielded a solvated mesophase 
pitch in an amount of 3.9%. This yield corresponds to a 

40 2.9% yield from the distillate feedstock. 

[0048] The dried insolubles were heated under a ni- 
trogen atmosphere at the rate of 20°C/minute. The in- 
solubles were noted to begin to soften at 414°C and to 
melt at 434°C. Higher melting thermosetting mesogens 

45 might have been obtained under more severe extraction 
conditions, but the overall yield of the pitch product 
would have been less than 2.9%. 

COMPARATIVE EXAMPLE 2 

50 

[0049] Comparative Example 2 was conducted to 
show that extending the first heat soaking to produce 
significant amounts of thermosetting mesogens a two- 
phase pitch is produced. It will be recalled that a two 
55 phase pitch is difficult to process as it causes coking of 
the reactor and associated equipment. 
[0050] The 427 - 482°C boiling mid-continent refinery 
decant oil distillate as used in Example 1 was heat 
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soaked for 5.3 hours at 441 °C in a nitrogen atmosphere 
of 413,686 Pa gauge (60 psig). The yield of the heat 
soaked pitch was calculated to be 71.8%. The heat 
soaked pitch produced a layer of mesophase pitch 
which clung to the reactor walls and was also suspend- 
ed in the isotropic pitch. The total mesophase pitch con- 
tent was estimated to be 2.5%. 
[0051] The mesophase pitch produced by this proc- 
ess did not soften or melt upon heating under a nitrogen 
atmosphere at the rate of 20°C/minute to 600°C. Thus, 
the mixture of mesophase and isotropic pitches pro- 
duced by this process would be too difficult (or impossi- 
ble) to transfer from a heat soaking vessel to a mixer/ 
extractor, resulting in a process that cannot be operated 
in an economical, continuous manner. 
[0052] The pitch obtained in Comparative Example 2 
was extracted for 30 minutes at 340°C with a solvent in 
a ratio of 8 parts solvent to one part pitch. The solvent 
used was a mixture of tetralin and phenanthrene in a 
ratio of 80:20, respectively It appears that all of the pitch 
became solvated. The solvated mesophase insolubles 
were collected and the yield of insolubles was calculated 
to be 14.7%. The 14.7% yield corresponds to a 10.6% 
overall yield from the distillate feed. 
[0053] The insolubles were determined to be 100% 
anisotropic solvated mesophase. Melting tests conduct- 
ed on the insolubles indicated they softened at 508''C 
and melted at 542°C. The results indicate these mate- 
rials are marginally thermosetting. 

EXAMPLE 2 

[0054] A portion of the thermosetting solvated pitch 
product of Example 1 was formed into filamentary car- 
bon artifacts using the process of melt spinning. A sam- 
ple of the pitch product of Example 1 was placed in a 
feed cylinder fitted with heaters and a movable piston. 
The pitch was heated to melting and pressure was ap- 
plied with the piston to cause molten pitch to flow from 
a 4 mil diameter by 12 mil long capillary. The solvated 
pitch was spun at 5,998,441 Pa gauge (870 psig) and 
at 298°C into fibers. 

[0055] Under microscopic examination, the fibers 
formed by this process were comprised of elongated 
mesophase domains as are typically observed in high 
performance mesophase pitch carbon fibers. 



Claims 

1. A process yielding heavy solvated mesophase 
pitches comprising: 

(a) combining a heavy aromatic pitch fraction 
and a solvating solvent; 

(b) heat soaking said heavy aromatic pitch frac- 
tion in the presence of said solvating solvent 
under conditions for promoting the formation of 



larger heavy aromatic molecules, wherein such 
conditions include heating at a temperature in 
the range of from 360 - 520*=*C, maintaining 
pressure in the range of from 101,353 - 

5 6,894,760 Pa (14.7 - 1000 psia) for a period of 

from 5 minutes to 24 hours, while retaining suf- 
ficient solvent in the pitch fraction in order to 
generate a solvated mesophase pitch; and 
(c) recovering said solvated mesophase pitch 

10 comprising said larger heavy aromatic mole- 

cules formed in heat soaking and a sufficient 
portion of a solvating solvent to solvate said sol- 
vated mesophase pitch. 

15 2, A process as claimed in Claim 1, wherein prior to 
step (a) said process includes the steps of: 

(A) heat soaking an aromatic feedstock to ob- 
tain an Isotropic heat soaked pitch therefrom 

20 which comprises a heavy pitch fraction; 

(B) extracting and isolating the heavy pitch frac- 
tion of the isotropic heat:soaked pitch using a 
suitable solvent. 

25 3. A'process as claimed in Claim 1 or Claim 2, wherein 
steps (a/ and (b) are combined and are carried out 
in the presence of a sufficient amount of soivatlng 
solvent so that said steps occur simultaneously. 

30 4. A process as claimed in Claim 1 , wherein the tem- 
perature of the heat soak is in the range of from 380 
- 460°C. 

5. A process as claimed in any one of Claims 1-4, 
35 wherein the solvating solvent is an aromatic organic 

solvent with a solubility parameter (5) In the range 
of from 7.0 - 11 .5 and is one or more solvents se- 
lected from the group consisting of those solvents 
having a structure comprising from 1 - 4 aromatic 
40 rings, and those solvents having a structure com- 
prising from 1 - 4 aromatic rings with from 1 - 3 hy- 
droaromatic rings, wherein said solvating solvent 
may optionally be substituted with one or more alkyi 
substituents of from C^ - C4. 

45 

6. A process as claimed in Claim 5, wherein the sol- 
vating solvent is one or more solvents selected from 
the group consisting of benzene, xylene, anthra- 
cene, phenanthrene, chrysene, pyrene, tetralin, 

50 naphthalene, and naturally occurring aromatic dis- 
tillates obtained from petroleum aromatics, coal 
tars, and ethylene tars. 

7. A process as claimed in Claims 2 and 3, wherein 
55 the amount of solvating solvent is In the range of 

0.25 - 5.0 parts solvent per part of pitch by weight. 

8. A process as claimed in Claim 1 , wherein the sol- 
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vating solvent is present during heat soaking in an 
amount of from 0.05 - 5.0 parts of solvating solvent 
per part of pitch by weight. 

9. A process as claimed in Claim 1 , wherein recover- 
ing the larger heavy aromatic molecules is accom- 
plished by solvent extraction. 

1 0. The process as claimed in Claim 9, wherein the con- 
ditions for separating the larger heavy aromatic 
molecules comprise contacting the larger heavy ar- 
omatic molecules with an extraction solvent in a ra- 
tio of solvent to pitch in the range of from 0.25 - 5.0 
parts solvent per part of pitch by weight, at pres- 
sures of from 101,353-6,894,760 Pa (14.7- 1000 
psia), and a temperature of from 200 - 520°C to form 
a liquid extract phase and a solvated residue phase, 
wherein said solvated residue phase comprises the 
desired heavy aromatic molecules. 

11. The process as claimed in Claim 10, wherein said 
extraction solvent is an aromatic organic solvent 
with a solubility parameter (5) in the range of from 
7.0-11 .5 and is one or more solvents selected from 
the group consisting of those solvents having a 
structure comprising from 1 - 4 aromatic rings, and 
those solvents having a structure comprising from 
1 - 4 aromatic rings with from 1-3 hydroaromatic 
rings, wherein said extraction solvent may option- 
ally be substituted with one or more alkyi substitu- 
ents of from C^ - C4. 

12. The process as claimed in Claim 11, wherein the 
extraction solvent is one or more solvents selected 
from the group consisting of benzene, xylene, an- 
thracene, phenanthrene, chrysene, pyrene, tetralin, 
naphthalene, and naturally occurring aromatic dis- 
tillates obtained from petroleum aromatics, coal 
tars, and ethylene tars. 

13. A process as claimed in Claim 2, wherein the sol- 
vating solvent used in step (a) Is a different solvent 
than is used in the extracting and isolating step (B). 

14. A process as claimed in claim 13, wherein the sol- 
vating solvent used in step (a) is higher boiling than 
the solvent used in step (B), and after the addition 
of the higher boiling solvating solvent the lower boil- 
ing solvent of step (B) is allowed to boil off. 



Patentanspruche 

1. Verfahren, das schwere solvatisierte Mesophasen- 
peche ergibt, umfassend: 

(a) Vereinigen einer schweren aromatischen 
Pechfraktion und eines Solvatisierungslo- 



sungsmittels; 

(b) Durchwarmen der schweren aromatischen 
Pechfraktion in Gegenwart des Solvatisie- 

5 rungslosungsmittels unter Bedingungen zur 

Forderung der Bildung von grofBeren schweren 
aromatischen Molekulen, wobei solche Bedin- 
gungen das EnA/armen auf eine Temperatur im 
Bereich von 360-520*'C, das Halten des Drucks 

10 Im Bereich von 101353-6894760 Pa 

(14,7-1000 psia) wahrend eines Zeitraums von 
5 Minuten bis 24 Stunden umfassen, wobei 
ausreichend Losungsmittel in der Pechfraktion 
zuruckgehalten wird. urn ein solvatisiertes Me- 

'5 sophasenpech zu erzeugen; und 

(c) Gewinnen des solvatisierten Mesophasen- 
pechs, umfassend die groBeren schweren aro- 
matischen Molekule, die beim Durchwarmen 

20 gebildet wurden, und einen ausreichenden An- 

teil eines Solvatisierungslosungsmittels zum 
Solvatisieren des solvatisierten Mesophasen- 
pechs. 

25 2. Verfahren nach Anspruch 1 , worin vor dem Schritt 
(a) das Verfahren die Schritte einschlieBt; 

(A) Durchwarmen eines aromatischen Einsatz- 
materials, um ein isotropes durchwarmtes 

30 pech daraus zu erhalten, welches eine schwe- 

re Pechfraktion umfaf3t; 

(B) Extrahieren und Isolieren der schweren 
Pechfraktion des isotropen durchwarmten 

35 Pechs unter Venwendung eines geeigneten L6- 

sungsmittels. 

3. Verfahren nach Anspruch 1 Oder Anspruch 2, worin 
die Schritte (a) und (b) kombiniert werden und in 

40 Gegenwart einer ausreichenden Menge eines Sol- 
vatisierungslosungsmittels durchgefuhrt werden, 
so daB diese Schritte gleichzeitig stattfinden. 

4. Verfahren nach Anspruch 1 , worin die Temperatur 
45 der Durchwarmung im Bereich von 380-460°C liegt. 

5. Verfahren nach einem der Anspruche 1- 4, worin 
das Solvatisierungslosungsmittel ein aromatisches 
organisches Losungsmittel mit einem Loslichkeits- 

50 parameter (6) im Bereich von 7,0-11,5 ist und ein 
Oder mehrere Losungsmittel ist, ausgewahit aus 
der Gruppe bestehend aus solchen Losungsmitteln 
mit einer Struktur, die 1-4 aromatische Ringe um- 
fal3t, und solchen Losungsmitteln mit einer Struktur, 

55 die 1-4 aromatische Ringe mit 1-3 hydroaromati- 
schen Ringen umfa3t, wobei das Solvatisierungs- 
losungsmittel gegebenenfalls mit einem Oder meh- 
reren Alkylsubstituenten von C1-C4 substituiert sein 
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kann. 

6. Verfahren nach Anspruch 5, worin das Solvatisie- 
rungslosungsmittel ein Oder mehrere Losungsmittel 
1st, ausgewahit aus der Gruppe bestehend aus 
Benzol, Xylol, Anthracen, Phenanthren, Chrysen, 
Pyren, Tetralin, Naphthalin und naturllch vorkom- 
menden aromatischen Destillaten, die aus Erdola- 
romaten, Kohlenteeren und Ethylenteeren erhalten 
werden. 

7. Verfahren nach den Anspruchen 2 und 3, worin die 

Menge des Solvatisierungslosungsmittels im Be- 
reich von 0,25 bis 5,0 Telle Losungsmittel pro Teil 
Pech, bezogen auf das Gewlcht, liegt. 

8. Verfahren nach Anspruch 1 , worin das Solvatisle- 
rungslosungsmittel wahrend dem Durchwarmen in 
einer Menge von 0,05-5,0 Telle Solvatisierungslo- 
sungsmittel pro Teil Pech, bezogen auf das Ge- 
wicht, vorhanden 1st. 

9. Verfahren nach Anspruch 1 , worin das Gewinnen 
der groBeren schweren aromatischen Molekule 
durch Ldsungsmittetextraktlon ausgefuhrt wird. 

10. Verfahren nach Anspruch 9, worin die Bedlngungen 
zum Abtrennen der groBeren schweren aromati- 
schen Molekule das Zusammenbringen der groBe- 
ren schweren aromatischen Molekule mit einem Ex- 
traktionslosungsmittel in einem Verhaltnis von Lo- 
sungsmittel zu Pech im Bereich von 0,25-5,0 Teile 
Losungsmittel pro Teil Pech, bezogen auf das Ge- 
wicht, bei Drucken von 101353-6894760 Pa 
(14,7-1000 psia) und bei einer Temperatur von 200 
- 520''C zum Bilden einer flussigen Extraktphase 
und einer solvatisierten Ruckstandsphase umfas- 
sen, wobei die solvatisierte Ruckstandsphase die 
gewunschten schweren aromatischen Molekule 
umfaBt. 

11. Verfahren nach Anspruch 10, worin das Extrakti- 
onslosungsmittel ein aromatisches organisches Lo- 
sungsmittel mit einem Loslichkeitsparameter (5) im 
Bereich von 7,0-11,5 ist und ein Oder mehrere Lo- 
sungsmittel ist, ausgewahit aus der Gruppe beste- 
hend aus solchen Losungsmittein mit einer Struk- 
tur, die 1 -4 aromatische Ringe umfaBt, und solchen 
Losungsmittein mit einer Struktur, die 1-4 aromati- 
sche Ringe mit 1-3 hydroaromatischen Ringen um- 
faBt, wobei das Extraktionslosungsmittel gegebe- 
nenfalls mit einem Oder mehreren Alkylsubstituen- 
ten von C^-C^ substituiert sein kann. 

12. Verfahren nach Anspruch 11, worin das Extrakti- 
onslosungsmittel ein Oder mehrere Losungsmittel 
ist, ausgewahit aus der Gruppe bestehend aus 
Benzol, Xylol, Anthracen, Phenanthren, Chrysen, 
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Pyren, Tetralin, Naphthalin und naturlich vorkom- 
menden aromatischen Destillaten, die aus Erdola- 
romaten, Kohlenteeren und Ethylenteeren erhalten 
werden. 

13. Verfahren nach Anspruch 2, worin das in Schritt (a) 
venA/endete Solvatlsierungslosungsmittel ein ande- 
res Losungsmittel ist a Is das in dem Extraktions- 
und Isolisierungsschritt (B) verwendete. 

14. Verfahren nach Anspruch 13, worin das in Schritt 
(a) verwendete Solvatisierungsldsungsmittet ho- 
hersiedend ist als das in Schritt (B) verwendete Lo- 
sungsmittel, und nach der Zugabe des hohersie- 
denden Solvatisierungslosungsmittels das niedri- 
gersiedende Losungsmittel von Schritt (B) abko- 
chen gelassen wird. 



20 Revendications 

1 . Proc6d6 donnant des brais k m§sophase solvates 
lourds, comprenant les stapes conststant : 

25 (a) a associer une fraction de brai aromatique 

lourd et un solvant de solvatatlon ; 

(b) k soumettre k une maturation a chaud ladite 
fraction de brai aromatique lourd en presence 
dudit solvant de solvatation dans des condi- 

30 tions favorisant la formation de molecules aro- 

matiques lourdes plus volumineuses, ces con- 
ditions comprenant un chauffage a une tempe- 
rature comprise dans I'intervalle de 360 a 
520°C, le maintien d'une pression comprise 

35 dans rinten/alle de 101 353 k 6 894 760 Pa 

(14,7 a 1000 psia) pendant une periode de 
temps de 5 minutes k 24 heures, tout en main- 
tenant une quantity de solvant suffisante dans 
la fraction de brai pour engendrer un brai a me- 

40 sophase solvate ; et 

(c) ct recueillir ledit brai a mesophase solvate 
comprenant lesdites molecules aromatiques 
lourdes plus volumineuses formees lors de la 
maturation a chaud et une proportion suffisante 

45 d'un solvant de solvatation pour solvater ledit 

brai k mesophase solvate. 

2. Precede suivant la revendication 1, dans lequel, 
avant I'etape (a), ledit precede comprend les etapes 

50 consistant : 

(A) k soumettre k une maturation a chaud une 
charge aromatique d'alimentation pour obtenir 
a partir de cette charge d'alimentation un brai 

55 isotrope de maturation k chaud qui comprend 

une fraction de brai lourd ; 

(B) a soumettre a une extraction et a isoler la 
fraction de brai lourd du brai isotrope de matu- 
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ration a chaud en utilisant un solvant convena- 
bte. 

3. Procede suivant la revendication 1 ou la revendica- 
tion 2, dans lequel les etapes (a) et (b) sont combi- 
nees et sont mises en oeuvre en presence d'une 
quanttte suffisante d'un solvant de solvatation pour 
que lesdites stapes aient lieu simultanement. 

4. Procede suivant la revendication 1 , dans lequel la 
temperature de maturation a chaud est comprise 
dans rintervalle de 380 k 460°C. 

5. Procede suivant I'une quelconque des revendica- 
tions 1 a 4, dans lequel le solvant de solvatation est 
un solvant organique aromatique ayant un parame- 
tre de solubility (5) compris dans I'intervalle de 7,0 
a 1 1 ,5 et consiste en un ou plusieurs solvants choi- 
sis dans le groupe consistent en les solvants ayant 
une structure comprenant 1 a 4 noyaux aromati- 
ques et les solvants ayant une structure connpre- 
nant 1^4 noyaux aromatiques avec 1^3 noyaux 
hydro-aromatiques, ledit solvant de solvatation 
pouvant etre facultativement substitue avec un ou 
plusieurs substituants alkyle en k C4. 

6. Procede suivant la revendication 5, dans lequel le 
solvant de solvatation consiste en un ou plusieurs 
solvants choisis dans le groupe consistant en ben- 
zene, xylene, anthracene, phenanthrene, chryse- 
ne, pyrene, tetraline, naphtalene et des distillats 
aromatiques naturels obtenus a partir de produits 
aromatiques derives du petrole, de goudrons de 
houille et de goudrons d'ethylene. 

7. Proced6 suivant les revendicatlons 2 et 3, dans le- 
quel la quantity de solvant de solvatation est com- 
prise dans rintervalle de 0,25 a 5,0 parties de sol- 
vant par partie de brai, en poids. 

8. Procede suivant la revendication 1 , dans lequel le 
solvant de solvatation est present au cours de la 
maturation a chaud en une quantite comprise dans 
rintervalle de 0,05 a 5,0 parties de solvant de sol- 
vatation par partie de brai, en poids. 



Pa (1 4,7 a 1 000 psia) et a une temperature compri- 
se dans rintervalle de 200 a 520°C pour former une 
phase d'extrait liquide et une phase de residu sol- 
vate, ladite phase de residu solvate comprenant les 
5 molecules aromatiques lourdes d^siryes. 

11 . Procede suivant la revendication 1 0, dans lequel le 
solvant d'extraction est un solvant organique aro- 
matique ayant un parametre de solubilite (6) com- 

10 pris dans I'intervalle de 7,0 a 11 ,5 et consiste en un 
ou plusieurs solvants choisis dans le groupe con- 
sistant en les solvants ayant une structure compre- 
nant 1 a 4 noyaux aromatiques et les solvants ayant 
une structure comprenant 1 a 4 noyaux aromati- 

15 ques avec 1 a 3 noyaux hydro-aromatiques, ledit 
solvant d'extraction pouvant etre facultativement 
substituy avec un ou plusieurs substituants alkyle 
en k C4. 

20 12. Procede suivant la revendication 11 , dans lequel le 
solvant d'extraction consiste en un ou plusieurs sol- 
vants choisis dans le groupe consistant en benze- 
ne, xylene, anthracene, phenanthrene, chrysene, 
pyrene, tetraline, naphtalene et des distillats aro- 

25 matiques naturels obtenus a partir de produits aro- 
matiques derives du petrole, de goudrons de houille 
et de goudrons d'ethyl§ne. 

13. Procede suivant la revendication 2, dans lequel le 
30 solvant de solvatation utilise dans I'etape (a) est un 

solvant different de celui qui est utilise dans I'etape 
d'extraction et d'isolement (B). 

14. Procede suivant la revendication 13, dans lequel le 
35 solvant de solvatation utilise dans I'etape (a) a un 

plus haut point d'ebullition que le solvant utilise 
dans i'etape (6) et, aprds I'addition du solvant de 
solvatation a plus haut point d'ebullition, on lalsse 
le solvant a point d'ebullition plus bas de I'etape (B) 
40 etre chass^ par Ebullition. 



45 



9. Procede suivant la revendication 1 , dans lequel les 
molecules aromatiques lourdes plus volumlneuses 
sont recueillies par extraction avec un solvant. 

50 

10. Procede suivant la revendication 9, dans lequel les 
conditions pour separer les molecules aromatiques 
lourdes plus volumlneuses comprennent la mise en 
contact des molecules aromatiques lourdes plus 
volumlneuses avec un solvant d'extraction en un 55 
rapport du solvant au brai compris dans I'intervalle 

de 0,25 a 5,0 parties de solvant par partie de brai 
en poids, a des pressions de 101 353 a 6 894 760 
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